Alteration of central alpha 2- and beta-adrenergic receptors in the rat after DSP-4, a selective noradrenergic neurotoxin.
A peripheral injection of DSP-4 [N-(2-chloroethyl)-N-ethyl-2-bromobenzylamine] produced a marked, selective, and lasting depletion of norepinephrine in certain regions of the rat central nervous system. This depletion at 10 days after injection was associated with regional alterations in some, but not all, adrenergic binding sites (receptors) as determined by in vitro [3H]prazosin (alpha 1), [3H]p-aminoclonidine (alpha 2), and [3H]dihydroalprenolol (beta) binding. The neocortical alpha 1-receptor was not changed. The alpha 2-receptor in several regions was altered as indicated by an increase in ligand affinity; additionally, the density of this receptor was slightly decreased in some regions. Depending on the region, the beta-receptor either increased in density or was unchanged. The increased density of this receptor in neocortex corresponded to an increased activity of isoproterenol-sensitive adenylate cyclase. These two changes were not affected by subchronic treatment with desipramine, a norepinephrine uptake inhibitor. The changes were, however, partially or completely reversed by subchronic administration of clenbuterol, a centrally-acting beta-receptor agonist. The dopaminergic receptor in various regions was unaltered as assessed by in vivo and/or in vitro binding of [3H]spiperone. The in vivo binding of this ligand also indicated that the serotoninergic receptor in frontal neocortex was unchanged. Assessment of adrenergic receptors in neocortex at 50 days after injection indicated only the above affinity change of the (presumably postsynaptic) alpha 2-receptor. The alpha 1-receptor remained unaltered. The density of the beta-receptor had normalized, as had the activity of isoproterenol-sensitive adenylate cyclase. Implicit in these findings is the following rank order of receptor sensitivity to chronic norepinephrine depletion: alpha 2 greater than beta greater than alpha 1. The use of DSP-4 has clear advantages over other methods of depleting central norepinephrine. This neurotoxin can be administered by intraperitoneal injection, the depletion of norepinephrine can be readily checked by absence of the post-decapitation reflex, and the changes in other neurotransmitter concentrations are relatively minor or nonexistent. The alteration of alpha 2- and beta-receptors, as a consequence of DSP-4 treatment, may form the basis of a new animal model of adrenergic receptor supersensitivity. Such a model may clarify the importance of these central receptors to physiological and behavioral processes.